The NEO-Five-Factor Inventory divides human personality traits into five dimensions: neuroticism, extraversion, openness, conscientiousness and agreeableness. In this study, we sought to identify regions harboring genes with large effects on the five NEO personality traits by performing genome-wide linkage analysis of individuals scoring in the extremes of these traits ( > 90th percentile). Affected-only linkage analysis was performed using an Illumina 6K linkage array in a family-based study, the Erasmus Rucphen Family study. We subsequently determined whether distinct, segregating haplotypes found with linkage analysis were associated with the trait of interest in the population. Finally, a dense single-nucleotide polymorphism genotyping array (Illumina 318K) was used to search for copy number variations (CNVs) in the associated regions. In the families with extreme phenotype scores, we found significant evidence of linkage for conscientiousness to 20p13 (rs1434789, log of odds (LOD) = 5.86) and suggestive evidence of linkage (LOD > 2.8) for neuroticism to 19q, 21q and 22q, extraversion to 1p, 1q, 9p and12q, openness to 12q and 19q, and agreeableness to 2p, 6q, 17q and 21q. Further analysis determined haplotypes in 21q22 for neuroticism (P-values = 0.009, 0.007), in 17q24 for agreeableness (marginal P-value = 0.018) and in 20p13 for conscientiousness (marginal P-values = 0.058, 0.038) segregating in families with large contributions to the LOD scores. No evidence for CNVs in any of the associated regions was found. Our findings imply that there may be genes with relatively large effects involved in personality traits, which may be identified with next-generation sequencing techniques.
Introduction
Research into human personality has always been an integral part of behavioral science. Numerous epidemiological studies show that personality traits are important risk factors for many psychiatric and nonpsychiatric disorders. [1] [2] [3] [4] [5] [6] [7] [8] [9] Personality traits are thought to be complex and determined largely by genetic factors. 10 Over the past few decades, various models for the assessment of personality have been developed, including the five-factor model that divides human personality into five basic, universal types.
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The NEO-Five-Factor Inventory (NEO-FFI) assesses these fundamental traits, which include (i) neuroticism-a tendency to experience negative emotions,
(ii) extraversion-a predisposition towards enthusiasm, positive emotions and action, (iii) opennessthe extent of an individual's intellectual curiosity, (iv) agreeableness-a propensity for cooperation and harmony, and (v) conscientiousness-the inclination to control, regulate and direct impulses. 12 Although the five scales are designed to be orthogonal, correlations appear due to self-reporting. 13 To date, genetic research has focused on neuroticism, primarily because of its association with disease and mortality. [1] [2] [3] [4] [6] [7] [8] [9] 14 Recent studies suggested that other personality traits might also be important risk factors for different diseases; extraversion is a determinant of bipolar disorder 15 conscientiousness is associated with Alzheimer's disease (AD), 16 and several studies demonstrated that low scores in novelty seeking, a measure of creativity, 17 are associated with a higher risk of developing Parkinson's disease. [18] [19] [20] There is increasing interest in the relationship between personality traits and treatment outcomes. 21 In addition, openness and conscientiousness have been associated with higher academic achievement and better work performance. 22 Twin studies provided heritability estimates of the NEO personality traits ranging from 33 to 61%. 10, [23] [24] [25] [26] Despite the high heritability, the genetics of these traits are not well understood. Candidate gene studies associated neuroticism with SLC6A4 [27] [28] [29] and TPH1, 30 and agreeableness, extraversion and conscientiousness with ADH4 and CHRM2. 31 Genome-wide association studies suggested relationships between the CLOCK gene and agreeableness and the MAMDC1 and NKAIN2 genes and neuroticism; however, replication efforts were inconsistent. [32] [33] [34] [35] There have been seven published genome-wide linkage scans for quantitative measures of personality traits, evaluated using either Eysenck's personality questionnaire (EPQ) 36 (measures neuroticism, extraversion and psychotism) or the Tri-dimensional Personality Questionnaire (TPQ) 17, 37 (assesses novelty seeking, harm avoidance and reward dependence), as continuous outcomes including six exclusively for neuroticism. [38] [39] [40] [41] [42] [43] [44] These studies provided evidence of linkage between neuroticism/harm avoidance and several different loci (Table 1) . Of the linked regions 1q, 8p, 11q, 12q and Abbreviations: EPQ, Eysenck personality questionnaire; JEPQ, Junior Eysenck personality questionnaire; LOD, log of odds; TPQ, tri-dimensional personality questionnaire. a LOD scores not reported in the actual studies, but calculated for comparison in this study using the conversion w 2 /2 Â ln(10). b Region confirmed in an independent candidate region study.
A genome-wide linkage study of personality traits N Amin et al 18q were replicated for neuroticism in various studies. 38, 39, 41, 43 Genome-wide association studies and linkage with quantitative outcomes target genes with small to moderate effects. We hypothesized that there may be genes with relatively large effects underlying the NEO personality traits, which may be rare and may have gone undetected in the genome-wide association studies, and that the regions containing these might be localized by studying persons scoring in the extremes for these phenotypes. We searched for such regions for all of the NEO-FFI personality traits by performing affected-only linkage analysis and haplotype association analysis. To translate the findings to the full distribution of the scale, we subsequently associated the haplotypes linked to the extremes to the outcomes on a quantitative scale.
Materials and methods

Study population
The study sample consisted of 2657 individuals who participated in the Erasmus Rucphen Family (ERF) study. The ERF cohort was ascertained from a genetically isolated region in the southwest of the Netherlands. The study population descended from 20 related couples who lived in the isolate between 1850 and 1900; genealogical data, available from 1750, capture all individuals in a single 23-generation pedigree, including more than 23 000 individuals. Pedigree members 18 years and older were invited to participate. Spouses were invited only for descendents who had children older than 18 years.
Personality assessment
The five basic personality types (neuroticism, extraversion, openness, agreeableness and conscientiousness) were assessed using the NEO-FFI. 12 The short form of this inventory consists of 60 items, 12 for each trait. Answers for each question were given on a fivepoint scale and the total scores for each trait ranged from 12 to 60. Because long questionnaires are often repetitious in nature and may cause the respondent to lose interest, the scores were considered invalid if the respondents gave the same response for at least 20 consecutive items (n = 114) or if they answered less than nine questions in total (n = 176) on a single scale.
Genotyping
For all participants, genomic DNA was extracted from peripheral venous blood utilizing the salting out method. 45 For genome-wide linkage analysis, genotyping was performed using an Illumina 6K linkage panel that includes markers distributed evenly across the genome (median inter-marker distance = 301 kb). We used 5250 single-nucleotide polymorphisms (SNPs) after quality control (call rate > 95%) and the exclusion of X-chromosome SNPs. The genotyping was performed at the Centre National de Génotypage in France according to the manufacturer's protocol. For copy number variation (CNV) analysis, we used an Illumina 318K SNP array. For this microarray, genotyping was performed according to the manufacturer's instructions at the Leiden Genome Technology Center at the Leiden University Medical Center.
Statistical analyses Linkage analysis. We performed affected-only linkage analysis by defining the affected as those people who scored above the 90th percentile for a given trait. The 90th percentile was chosen to maximize power based on our simulation studies evaluating different cutoffs. 46 The simulations suggested that, for different sample sizes, power is highest using the 10% cutoff. General characteristics of the samples selected for linkage analysis are given in Table 2 and the correlation structure of these five traits at the population level is given in Supplementary Table S1 .
The affected individuals for each trait were linked via a single large pedigree, which was later clustered into small (p18 bits) families for analytical purposes using the pedigree clustering software. 47 We performed *Difference between means of highest 10% and lowest 90% at P < 0.001. **Difference between means of highest 10% and lowest 90% at P < 0.05. Values are means (standard deviation), unless otherwise indicated.
A genome-wide linkage study of personality traits N Amin et al multipoint non-parametric linkage (NPL) using the 'all' option in MERLIN, 48 which uses the Kong and Cox 49 linear model to evaluate the presence of linkage. We also performed parametric linkage analyses using both dominant and recessive models with complete penetrance and a disease allele frequency of 0.01 using MERLIN. Allele frequencies were estimated from all genotyped individuals in the pedigrees for each trait. For all five sets of pedigrees, 1249 Mendelian inconsistencies were observed for which we set the genotypes of the individuals from the whole family to missing.
Genome-wide simulations. Genome-wide significance thresholds were determined empirically by performing 500 genome-wide simulations under the null hypothesis of no linkage and using NPL with the 'all' option. Marker allele frequencies were set to the ones observed in our data. Pedigree clustering was performed using individuals from the upper 10% of the distribution for each quantitative trait. For each screen, the highest log of odds (LOD) score was recorded. The cumulative density function of the simulated maximum LOD scores approximates the distribution of the genome-wide type I error rate. Our simulations showed that a LOD score of 4.1 corresponds to a genome-wide type I error rate of 5% and that an LOD of 2.8 corresponds to a genome-wide type I error of 50%. The 'all' option was chosen for these simulations as it provides the most conservative threshold keeping in mind the structure of our pedigrees. 50 Haplotype construction and association analysis. For regions showing significant or suggestive evidence of linkage, haplotypes were constructed for the families with the largest contributions to the LOD score (contributing an LOD score X1) in SIMWALK. 51, 52 Haplotype association analysis was conducted using the 'e' option in FBAT 53, 54 to test for association in the presence of linkage, once the segregating haplotype was ascertained. For these analyses, we used SNPs from the Illumina 6K panel as the denser chip (Illumina 318K) was not available for all relatives. Association analyses were run with an additive model when the highest LOD scores were observed with NPL. A recessive or a dominant model was used if the highest LOD score was obtained under one of those models. For binary trait haplotype association analysis, we used the highest scorers ( > 90th percentile) as cases. In addition, we performed a quantitative trait haplotype association analysis in the total population. Frequencies of the haplotypes (f) were estimated from the total population. Bonferroni corrections were applied to the nominal P-values for the number of haplotypes tested per region. To get estimates of the odds ratios (OR) and effect sizes, we performed logistic and linear regression analyses in SPSS for the haplotypes that showed evidence of association in FBAT, using the same model under which association was observed.
CNV analysis. In the regions that showed evidence of linkage and association, we searched for common CNVs in individuals who were carrying the haplotype using the CNV partition tool 2.4.4 in Beadstudio. We also used probe intensities (as measured by log R ratios) and genotype frequencies of the SNP probes (as measured by B-allele frequencies) to visually detect CNVs in the associated regions.
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Results
We report the Kong and Cox LOD scores for NPL and heterogeneity LOD (HLOD) scores for the parametric linkage analyses. Table 3 details regions with significant and suggestive linkage in either the parametric or the NPL analyses. Table 4 provides the results of haplotype association analysis for the identified haplotypes including ORs.
Neuroticism NPL analysis revealed two regions with suggestive evidence of linkage (LOD > 2.82) on chromosomes 19q13 and 21q22, and the recessive model gave one suggestive locus on chromosome 22q11 ( Figure 1a and Table 3 ). None of the LOD scores reached genome-wide significance. We constructed haplotypes for these three regions (data not shown) in the families with large contributions to the LOD scores. For 21q22, we identified two haplotypes (H21 N1 and H21 N2 with frequencies of 0.47 and 0.26). H21 N1 was shared by six of the nine individuals belonging to three high LOD score families (Supplementary Figure S1) , five of which were homozygous carriers. Two of the remaining three were carriers of H21 N2 . H21 N covered 1.5 cM between rs2835574 and rs1016694. Both H21 N1 and H21 N2 showed nominally significant evidence of association in the binary analysis based on the total ERF population (P-value = 0.009, OR = 1.2 and P-value = 0.007, OR = 0.76). Both haplotypes remained significant after correction for multiple testing. H21 N lies in the Down's syndrome critical region and covers 10 genes, including TTC3, DSCR9, DSCR3, DYRK1A, KCNJ6 and PIGP (Table 4) .
Extraversion
Suggestive evidence of linkage was observed for chromosomes 1p31, 1q24, 9p24 and 12q24 in the NPL analysis (Figure 1b and Table 3 ). The LOD score for chromosome 12 (4.01) approached genomewide significance; a distinct haplotype spanning the region (H12 E ) was observed in three high LOD score families (data not shown). H12 E covered an 1 cM region between rs1278602 and rs7960480 and was shared by seven out of nine individuals with an extreme phenotype in those families. Three of the seven were homozygous and four were heterozygous for the haplotype. H12 E was the most frequent haplotype in the region (f = 0.36), but was not significant when tested for association (Table 4) .
Openness
For openness, there were two regions with an LOD > 2.82, one on chromosome 12q24, overlapping with extraversion, and one on 19q13, overlapping with neuroticism ( Figure 1c and Table 3 ). This overlap is in line with the correlation structure of the traits (Supplementary Table S1 and Table 2 ). Those scoring higher than the 90th percentile of the openness distribution were also significantly different in their means for neuroticism and extraversion when compared with individuals with lower openness scores ( Table 2) . On 12q24, a unique haplotype (H12 O ) was observed in 5 out of 14 individuals with extreme phenotypes from four contributing families (data not shown). H12 O covered a roughly 1 cM region between rs1278602 and rs7960480 and was relatively rare (f = 0.05) in the total ERF population. The haplotype differed from the one observed for extraversion in the same region. No evidence of association was observed for H12 O in either binary or quantitative trait haplotype association analysis (Table 4) .
Agreeableness
Suggestive evidence of linkage was observed on chromosomes 2p25, 6q27, 17q24 and 21q22 in NPL analysis ( Figure 1d and Table 3 ). The 21q22 region was the same as that observed for neuroticism (Table 3 ), in accordance with the correlation structure (Supplementary Table S1 ) and the findings in Table 2 , where those who scored high on agreeableness also scored low on neuroticism when compared with the less agreeable individuals. In contrast to the other NEO traits, where there were only a few families making large contributions to the LOD scores in the linked regions, for agreeableness there was no single family contributing an LOD score > 1. Instead, there were multiple families each contributing to the LOD score. Construction of haplotypes in the three families with the largest LOD scores revealed haplotypes for chromosomes 6 (H6 A ), 17 (H17 A ) and 21 (H21 A ) (not shown). Of these, only H17 A (Supplementary Figure  S2) showed significant evidence of association in the quantitative trait haplotype association analysis (P = 0.018, the change in agreeableness associated with carriership of one extra allele (b) = 0.31). H17 A had a frequency of 0.17, covers a 0.3 cM region and is flanked by rs411602 and rs1981647 (Table 3 ). The region covered by the haplotype did not contain any genes, but nearby genes include KCNJ2, KCNJ16 and MAP2K6. (Figure 1e and Table 3 ). Construction of haplotypes in six families revealed two major segregating haplotypes (H20 C1 and H20 C2 ; Supplementary Figure S3 ) with frequencies of 0.339 and 0.231. Under a recessive model, H20 C2 showed borderline significance at a nominal level (P-value = 0.058, OR = 1.4) ( Table 4) . No association was observed under the dominant or additive models. The haplotype covers a half cM region flanked by rs1434789 and rs434609.The region contains five genes, all belonging to the b-defensin protein family. Under a recessive model only 8 families were analyzed in the association analysis when top 10% scorers were used as cases. To improve statistical power, we extended the association analysis to those scoring in the highest 30% of the distribution, enlarging the sample to 25 families. In this analysis, the haplotype became marginally significant (P = 0.038), but did not survive Bonferroni correction.
CNV analysis
Supplementary Figures S4-6 show CNV analysis of the regions 21q22, 17q24 and 20p13 for neuroticism, agreeableness and conscientiousness, respectively, for 1 carrier of H21 N1 , 10 carriers of H17 A and 4 carriers of H20 C2 . The CNV partition tool did not detect any CNV in those regions. Visually, the B-allele frequencies A genome-wide linkage study of personality traits N Amin et al revealed a loss of heterozygosity for homozygous carriers of the haplotypes in the regions, but the probe intensities did not point towards a deletion. Combining the two analyses suggests that we are dealing with 'classical' genomic variation for which individuals are homozygous by descent.
Discussion
In our study of extended families, we found significant evidence of linkage for conscientiousness to 20p13 (rs1434789, LOD = 5.86) and suggestive evidence of linkage for neuroticism to 19q, 21q and 22q, extraversion to 1p, 1q, 9p and12q, openness to 12q and 19q, and agreeableness to 2p, 6q, 17q and 21q.
Haplotype construction and analysis in high LOD score families associated two haplotypes (H21 N1 and H21 N2 ) in 21q22 with neuroticism (P-values = 0.009, 0.007), one in 17q24 with agreeableness (H17 A , P-value = 0.018) and one in 20p13 with conscientiousness (H20 C2 , P = 0.058). We did not detect evidence of CNVs in these regions. However, these analyses should be interpreted with caution given the low density of the array used.
In this study, we aimed to find regions that are overrepresented in individuals with extreme phenotypes. Although it has been argued that this may lead to a reduction of power as compared to a quantitative trait outcome in which all individuals are used, 57 our simulation studies based on variants with large effects suggest that this is a powerful approach. 46 When comparing the results discussed here to those derived from an analysis of the traits as quantitative outcomes (Supplementary Figure S7) , the overlap is limited. This is most likely explained by the fact that the extreme analysis will pick up genes with relatively large effects. The 20p13 and 17q24 regions linked to conscientiousness and agreeableness, however, also provided evidence of linkage (albeit weak) in the quantitative trait analyses.
There are a number of issues to be considered before interpreting the results. We used the short version (NEO-FFI) of NEO personality inventory to assess the five basic personality traits. The NEO-FFI, although less reliable compared to the NEO personality inventory, is known to tap at least the five basic personality traits with fidelity and reliability. 58 Our study is the first to report linkage analyses of all five dimensions of the NEO personality inventory. With haplotype construction and association analyses, we attempted to reduce the size of the regions and find segregating haplotypes that were associated with the traits. It could be argued that the use of SNPs from a denser array for haplotype construction and association might have provided a better insight into the linked regions. Unfortunately, the denser array was available for only a subset of the population. Its use would have led to a loss of power, especially with FBAT, which only uses information from heterozygous parents in complete trios. The family-based association analysis is rather robust to low SNP density as the relatives will share large haplotypes. Nevertheless, the construction of haplotypes helped us reduce the size of the linked regions, thus avoiding multiple testing issues in the subsequent association analyses to the extent that we only had to adjust for the number of haplotypes tested.
The family-based design also gave us an opportunity to examine the CNVs that might be segregating in the population. Utilizing a denser array than the 318K chip that we used, however, might have revealed smaller CNVs, in particular deletions. We observed some overlap of the linked regions between different personality traits. The 19q13 locus, for instance, was shared by neuroticism and openness. This is most likely due to the fact that strong correlations were observed between some personality traits. These correlations, although theoretically unexpected for orthogonal scales, was also observed in previous studies. 34 It is interesting to note that most of our suggestive linkage peaks come from the NPL analysis, but that these are usually followed by somewhat lower scores from dominant and recessive models. This is in accordance with Greenberg et al, 59 who suggest that parametric LOD scores are more powerful compared with NPL only when the correct model (which is usually unknown for complex traits) is specified. Misspecification of parameters in parametric linkage analysis has serious negative impact on its power to detect linkage. 60 When comparing the suggestive regions for neuroticism in our study with those of others, there was no overlap. This might be due to the fact that earlier studies used different instruments to assess neuroticism (or similar traits), such as the EPQ or the TPQ. Nevertheless, there were regions with moderate linkage signals that overlapped with previous studies. These include a locus on 5p, which gave an LOD score of 2.76 under a dominant model in our study for neuroticism, and overlaps with Gillespie et al. 40 Similarly, two loci on chromosome 11, 11p14 (rs1564745, LOD = 1.75) and 11q23 (rs1013582, LOD = 1.95), and one locus on chromosome 10 (rs6580, LOD = 1.26), overlap with previous findings on neuroticism. 38, 39, 41, 43 For extraversion, the 12q24 locus (LOD = 4.01) overlaps with one identified by Gillespie et al. (P-value = 0.009). 40 This is, perhaps, the most interesting overlap, as with an LOD score of 4.01, this region approximately fulfilled our strict threshold for significant linkage. From regions harboring previously studied candidate genes, modest linkage signals (LOD = 1.16) were observed for the TPH1 region for neuroticism and the ADH4 region for agreeableness (LOD = 1.33) and extraversion (LOD = 0.56). The overlap of our findings with those of others shows that our founder population in the southwestern part of the Netherlands is representative of the general population. This is in line with the findings from our simulation studies that show that variants with frequencies > 0.001 are expected to be conserved in this population. 61 The most interesting region in our study was 20p13 for conscientiousness, which gave significant linkage signals under all three models and contained a haplotype spanning five genes belonging to the b-defensin family. Defensins play a role in the immunological response to invading microorganisms. Other genes in the region include ZCCHC3, SOX12 and NRSN2. This region was previously implicated in spinocerebellar ataxia 62 and neurodegeneration. 63 Despite the high LOD scores observed for this region, the haplotype (H20 C2 ) was only borderline associated. An explanation for this may be the reduced number of families available under the recessive model (8 families versus 39 families for the additive model), resulting in a loss of power. This explanation was supported by the fact that a significant P-value (0.038) was observed when the analysis was run using the highest 30% as affected instead of the top 10%. No significance was observed under additive or dominant models, which suggests a recessive mode of inheritance for this haplotype and its association with conscientiousness.
The second most interesting region was 21q22 for neuroticism (LOD = 3.73). Although the LOD score is not significant according to our stringent criteria, we found two haplotypes (H21 N1 and H21 N2 ) shared by individuals who had extreme phenotypes spanning the Down's syndrome critical region. These haplotypes were significantly associated in the binary trait analysis. This region encompasses 10 genes, including TTC3, DSCR9, DSCR3, DYRK1A, KCNJ6 and PIGP, and has been associated with cognitive and mental impairment in individuals with Down's syndrome. 64, 65 DYRK1A has been associated with conscientiousness, which is strongly inversely correlated with neuroticism. 34 This is an interesting finding as many of the common physical and cognitive features of Down's syndrome may be present in apparently normal individuals. The haplotypes identified are very frequent (0.26, 0.47), making it very likely that these will also be found in populations outside of the isolate according to the gene dropping simulations and empirical findings. 61 The locus on 17q24 for agreeableness (LOD = 3.32) harbored a shared haplotype, H17 A , that was observed in individuals with extreme phenotypes in high LOD score families. H17 A covered an 80 kb region on 17q24 and includes KCNJ2, KCNJ16 and MAP2K6. KCNJ2 has been associated with Andersen syndrome, which is characterized by periodic paralysis, cardiac arrhythmias and dysmorphic features, 66 and MAP2K6 has been associated with Alzheimer's disease. 67 H17 A was associated with the quantitative trait, but not the binary trait that provided evidence of linkage. This may be explained by the fact that, unlike other personality traits, for agreeableness there was no single family making a large contribution ( > 1) to the LOD scores. Instead, a number of families contributed to the LOD, which points towards the presence of a common variant rather than a rare one.
Of interest is the fact that two of these three regions harbor potassium/magnesium channels that are conserved in most mammalian cells (KCNJ2, KCNJ6, KCNJ16), while in the other, one of the genes (SOX12) is known to interact with a potassium channel (KCNJ10). Other interesting regions include 19q13 and 22q11 for neuroticism. Chromosome 19q13 is a very important region that contains the apolipoprotein E gene. Both neuroticism and apolipoprotein E are known to be associated with AD. 1, 5, 68 The 22q11 region is of interest as it was previously associated with schizophrenia. 69 As neuroticism is a known risk factor of schizophrenia, 9, 15 it is possible that this signal might actually be driven by neurotic aspect of schizophrenia.
In this study, we attempted to identify genes with relatively large effects on personality traits. However, the estimated ORs did not suggest variants with large effects. This may be because the variants tested for association are not those conferring disease susceptibility. Another reason may be the study design, in which we compared those scoring in the top 10% (cases) with those in the bottom 90% (controls) to estimate the odds ratios. Simulations have shown that a comparison of individuals from discontinuous bottom and top percentiles is more powerful compared to dichotomizing the whole sample at a cutpoint. 70 Nevertheless, these effects are large compared to the low ORs seen in genome-wide association studies (1.01 < OR < 1.15). Inflation in the ORs is expected if association analysis is performed using the same sample in the region with the highest LOD scores. 71 We do not expect a large bias since we used the information from the whole population for haplotype association analysis as opposed to the linkage analysis where we performed affected-only analysis with only top 10% of the phenotypic distribution as affected.
Although genome-wide association studies of sufficiently large samples may still yield novel genes with small effects, there is growing interest in whole genome sequencing as a tool to identify loci with large effects. Our study suggests that such loci can be identified for personality traits. Our linkage analysis revealed three interesting regions (20p13 for conscientiousness, 21q22 for neuroticism and 17q24-25 for agreeableness), which may include genes that exert moderate to large effects on NEO personality traits. The overlap with previous linkage studies, and with associated personality disorders, suggests that the findings in our population can be extrapolated to other populations. We confirm linkage of conscientiousness with 20p13, of neuroticism with 21q22 and of agreeableness with 17q24. The other identified regions need to be followed up with deep sequencing, which may help in capturing the actual mutation responsible for the linkage signals.
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